Prior studies reported an association between ambient air concentrations of total suspended partides and S02 during pregnancy and adverse pregnancy outcomes. We examined the possible impact ofpafriculate matter up to 10 pm (PMld and up to 2.5 pm (PM25) in size on intauterine growth retardation (IUGR) risk in a highly polluted area of Northern Bohemia (Teplice District). The study group includes all singleton fill-term births of European origin over a 2-year period in the Teplice District. Infornation on reproductive history,. health, and lifestyle was obtained from maternal questionnaires. The mean concentrations of pollutants for each month of gestation were calculated using continuous monitoring data. Three interls (low, medium, and high) were constructed for each pollutant (tertiles). Odds ratios (ORs) for IUGR for PMI0
The Teplice Program, an international research project, was developed to evaluate health consequences of extremely elevated air pollution levels in Teplice, a district in the Northern Bohemia brown coal basin. Typically, air pollution in this area is composed of a high concentration of fine particles dominated by acid sulfates, polycyclic aromatic hydrocarbons (PAHs), nitrogen oxides, and toxic trace elements (1) . The levels are especially high during meteorological inversions, which occur frequently during the fall and winter months. Changes in industry profiles, technological improvement of large power plants, and a rapid conversion of local heating systems from coal to gas, along with increasing traffic density, have resulted in changes in the pollutant levels and composition. With changes occurring after the political changes in the Czech Republic in 1989, a continual decrease of sulfur dioxide (SO2) and particulate matter has been observed over the last several years.
In the meantime, this area presented an opportunity to study the health effects while relatively high pollutant levels exist.
One key interest in the Teplice area has been the possible effects of these pollutants on growth and development. To examine this, intrauterine growth retardation (IUGR) and measures of air pollution were examined.
Reduced fetal growth is one of the most important predictors of neonatal morbidity and mortality (2) (3) (4) . Recent studies have also shown a relationship between some serious adult risks (namely noninsulin-dependent diabetes, hypertension, and coronary heart disease) and impaired growth in the prenatal and early postnatal period (5) (6) (7) .
Preliminary analyses of the data collected during the first 18 months of the study resulted in two general observations: a) pollutant levels in this region [namely SO2, particulate matter < 10 pm in size (PM10),
and PAHs] were highest during the winter and lower in the summer, as measured by continuous air monitoring (8) ; and b) the prevalence of IUGR was greater for infants conceived during winter months than for those conceived in the summer (1) . These preliminary observations are consistent with recent hypotheses for the etiology of IUGR-that initial changes leading to fetal growth retardation may be triggered in early pregnancy, around the time of implantation (9, 10) .
Other preliminary examinations of these data analyzed IUGR prevalence with selected air pollutants in early pregnancy. No association was observed for nitrogen oxides (NO). S02 and PM1O levels in early pregnancy were significantly associated with IUGR (11, 12) ; the relationship of PMIO to IUGR was confirmed in subsequent analyses in a more complete data set enlarged by additional 1996 data (12) .
Particulate matter has been associated with acute cardio-respiratory morbidity and mortality in recent studies (13, 14) . Two common measures of particulate matter are PMIO and particulate matter up to 2.5 pm in size (PM2.5). The chemical composition of particles and of associated organics may vary by region, and is important to the understanding of potential toxicity (8) .
The present study examines whether parental exposure to particulate matter in outdoor air during pregnancy is associated with IUGR. This evaluation uses ambient PM1O and PM2.5 measurements to examine this issue.
Materials and Methods
The study group included all full-term singleton births of European origin in Teplice District from April 1994 through March 1996 to women with at least 1 year of residence in the district. All deliveries in Teplice District are hospitalized, allowing enrollment in the study during the hospital stay. The group was further restricted to the mother's first delivery during the study period. Preterm births (< 37 weeks gestation) were excluded from this analysis because of the differences in factors affecting fetal growth (15 The univariate relationships between IUGR and characteristics of the parents were initially examined using t-test and chi-square analyses (19) . Important parental characteristics identified in the literature included maternal age, education, marital status, number of live births, height, prepregnancy weight, alcohol consumption, maternal active and passive smoking, and paternal smoking (20) (21) (22) (23) (24) . Parental employment and occupational exposures were also evaluated.
Adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) were estimated using PROC LOGISTIC (25) . Each month of pregnancy was analyzed separately, allowing some factors to vary over time (e.g., particulate matter, maternal smoking and alcohol consumption, and season). Although particulate matter levels were associated with season, season alone might also be a surrogate for other changes such as weather patterns (e.g., temperature levels) and consumption of fruits and vegetables. Summer was defined as the months from April through September and winter as October through March. Because air pollution levels have changed in Teplice District over time, the potential for secular changes over the time frame of this study were evaluated by comparing results from the 2 years. Characteristics of the parents summarized in Table 1 were evaluated for inclusion in the model. Some factors considered for analysis were highly correlated (e.g., mother's smoking history, her passive smoking, and paternal smoking), and thus development of the final model used a stepwise approach to select the most important factors. After this initial stage, other factors were examined for potential confounding by comparing the ORs for exposure with and without that factor (25) . A total of 2,478 women had live births during the 2-year study period. Of these, a total of 535 were excluded: 308 births of non-European ethnic origins, 16 twin births, 109 second pregnancies to a mother with a birth already in the study, and 92 preterm births (< 37 weeks gestation). Only 10 mothers refused to participate. Thus, the study included 1,943 women who gave birth to infants between 37 and 43 gestational weeks (as determined by the physician using the ultrasound and the maternal report of LMP). A total of 190 (9.8%) infants in the study were below the 10th percentile of birth weight for GA (Table 1) . Parents of IUGR infants differed from the remainder of the parents in both parents' education, marital status, and smoking, and on maternal height, weight, and number of cigarettes smoked per day before and throughout the pregnancy (Table 1) .
Results
Elevated crude ORs were observed for IUGR at medium and high PMIO levels in the first month of pregnancy ( Table 1 were evaluated for use in multivariable logistic regression. Because of significant correlation among a number of these variables, the final models included prepregnancy weight, height, marital status (currently married vs. not currently married), maternal smoking (none, 1-9 cigarettes/day, or . 10 cigarettes/day), education (completed high school vs. less schooling), season of conception, and the year within the study period 
Discussion
In general, the characteristics of IUGR children and their parents were similar to those observed in the literature (20) (21) (22) (23) (24) (Table 1) . Nine monthly exposure windows, from conception until delivery, were examined for possible relationships between PM1O and PM2 5 concentrations and IUGR to evaluate potentially sensitive stages of prenatal development. The multivariable analyses suggest that the first gestational month seems to be the critical period for the association of particles with fetal growth (Table 2) . Results for both PM1O and PM2.5 were similar, although only the adjusted OR for the high PM2.5 was statistically significant. These data suggest that exposure to particulate matter (or an associated air pollutant) early in pregnancy may adversely affect fetal growth.
However, these data are not inconsistent with other explanations. Air pollution in this region varies seasonally, as do other factors in the environment. For example, seasonal variations in fruit and vegetable consumption could affect the intake of Particulate matter is difficult to study. It is not an exactly defined toxicant; its dispersion and composition depends on the particular source. For this study, detailed data are available on the origin and composition Volume 107, Number 6, June 1999 * Environmental Health Perspectives of pollutants in the Teplice region from an air quality monitoring and receptor modeling study (8) . Emissions from residential space heating and power plants were identified as major sources of fine particle mass including a spectrum of PAHs and their nitro-derivatives. No matter which particular toxicant associated with particulate matter could affect fetal growth, the biologic mechanisms remain to be explained. The effective components would need to be inhaled and absorbed into the maternal bloodstream. Highly biologically active compounds (e.g., PAHs or their nitroderivatives) might interfere with some process or processes, affecting development or nutrition of the fetus. Alternatively, some related toxicant could cross the placenta with direct effects on fetal development. In a recent biomarker study, Perera and coworkers (27) found a significant association of fetal development [low birth weight (LBW) and head circumference of newborns] with PAH-DNA adduct levels; these results suggest that transplacental exposure to PAHs in ambient air may compromise fetal development. Topinka et al. (28) investigated DNA adducts in placentas of mothers from a subset of the women in this study, comparing them to mothers living in a less polluted area; DNA adduct levels were significantly higher in the placentas from Teplice District.
The timing of the associations observed in this study (during early gestation) is consistent with observations in studies of laboratory animals: acute radiation administered during early gestation induced IUGR in rats; the most sensitive stage was early organogenesis, corresponding to days [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] of human gestation (291. In addition, exposure to cyclophosphamide around the time of implantation induced growth retardation in mice fetuses (30) . Others have found that IUGR is one of the most common outcomes of mutagenic treatment, even in prezygotic stages (31) .
Effects during early pregnancy are consistent with current information on the etiology of IUGR. Nutrient and oxygen supply to the fetus during various gestational stages is a key factor in the regulation of fetal growth (32, 33) . Several new findings on this topic suggest that the pathogenesis resulting in IUGR is triggered by an abnormal reaction between trophoblast and uterine tissues in the first weeks of pregnancy (9, 10) . The altered growth may arise from defective trophoblast invasion, resulting in suboptimal placentation and maternal hemodynamic maladaptation (10, 34) . These changes could result in reduced growth and fetal adaptation to undernutrition with subsequent permanent changes in the structure and function of a range of organs and tissues (5, 32) . This hypothesis locates the start of IUGR pathogenesis to the time around implantation. The timing of IUGR-PMIO associations in this study is compatible with this hypothesis.
At this time, few papers have examined potential associations of pregnancy outcomes and air pollution. In 1992, Bobaik and Leon (35) reported an association of TSP (total suspended particles) and SO2 with neonatal and postneonatal mortality. In a study based on the same data, these investigators reported a significant association of LBW with SO2 and TSP level in 45 districts in the Czech Republic (36). Woodruff et al. (37) found an association of early postneonatal mortality with PM1O level after birth for selected causes of death in the United States.
Two recent reports from China (38,351) examined reproductive effects of SO2 and TSP in a large, well designed study in Beijing. The first report (38) is of a significant association of both pollutants with increased preterm births. The second study (39) prenatal records completed in early pregnancy. Thus, systematic errors in the EDC, as well as in the determination of the length of gestation, are less likely.
On the other hand, some other information could be less reliable. Information about drinking or smoking in pregnancy might be underestimated because of the woman's concern about reporting the continuation of these behaviors during pregnancy. Because the key associations were identified for the first month of pregnancy, where prepregnancy data were used, pregnancy related underreporting of alcohol and cigarette use should not affect these results.
Effects during the first month of gestation were observed for monthly averages > 40 pg/m3. These levels are also observed in other industrialized parts of Czech Republic (41) and in other countries (32' ). Therefore, potential adverse effects of pollutants may be relevant for a broader population.
Conclusions
This paper examined the relationship between IUGR and ambient levels of particulate matter finer than 10 pm in Teplice District, a highly polluted region in the Czech Republic. Increases in IUGR were associated with PM levels over 40 pg/m3 and PM2.5 levels over 37 pg/m3 during early pregnancy in the highly polluted district of Teplice. This relationship remains after controlling for season. The timing of this effect is compatible with a current hypothesis that IUGR may be induced during the early stages of development. Present data suggest the need for further work on the relationship of IUGR and varying components of air pollution. Future investigations could include an examination of the physical and chemical properties of particles, PAH fractions, and examination of biomarkers (DNA adducts, cotinine). Such data should increase our understanding of the potential role of the environment on IUGR risk.
